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Abstract Nanocomposite samples containing various
molar compositions of tin and titanium oxides were syn-
thesized by a sol–gel method using octadecylamine as
controlling template agent. The structural and the crystal-
line features of the samples were investigated with Fourier
Transformer Infra-red, X-ray diffraction, Transmission
electron microscope (TEM) where the surface area was
estimated by BET analysis. The crystalline parameters and
the particle size were estimated by Rietveld quantitative
phase analysis. It is interesting to mention that a reduction
in the lattice parameters was detected upon introduction of
various molar compositions of titanium oxide revealing
that a part of titania is incorporated into the SnO2 lattice
forming Ti1-xSnxO2 solid solution. The quantitative anal-
ysis claims that part of titanium oxide is incorporated
substitutionally in the crystal lattice of SnO2, forming a
solid solution and other parts are either segregated as
separate rutile titania phase or dispersed as amorphous
phase on the grain boundary of SnO2. The results show a
remarkable reduction in particle size from 42 to 5 nm and
increasing in the specific surface area up to 176 m2/g upon
introduction of various content of titania implying the role
of titania particles in preventing SnO2 crystallites from
further growing up during the progress of calcination. TEM
images show that pure tin oxide particles arranged in large
aggregation in wormhole like structure, while the existence
of titanium oxide are successfully creates spherical nano-
particles system organized in a definite structure. The
optical absorbance spectra indicate a red shift and band gap
narrowing upon introduction of titania which increase with
increasing in titania contents.
Keywords Composite materials  Sol–gel process 
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1 Introduction
Nanocomposites have paid more attention over the last
decades owing to their exceptional and novel chemical and
physical properties that are not exist in the bulk. The
physical features of the nanoparticles including their small
particle size and high surface area extends their application
in many potential fields. Tin oxide is powerful semicon-
ductor which is usually involved in gas sensors [1–3],
optoelectronic devices [4, 5], dye-based solar cells [6],
secondary lithium batteries electrode materials [7] and
many catalytic processes [8]. Tin oxide possesses several
merits as non-toxicity, low cost and high thermal stability.
However, the lower surface area and poor electric resis-
tivity are the main drawbacks that limiting its application
in many catalytic and electrical fields. Many efforts have
been devoted to improve the structural and electronic
features of this oxide by introduction of dopants metal.
More emphasize has been paid on elements of different
valence. This dissimilarity in the electron redistribution can
be a primary cause for creating active surface with more
acidic sites. It is should be emphasized that the existence of
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several dopants improve the crystalline features of SnO2
powders through control particle size and shape [9–12].
Many authors report that the existence of iron oxide on
SnO2 surface has a dramatic role on reduction of the grain
size of the samples and the resulting Sn1-xFexO2 nano-
composite exhibit higher catalytic activity and sensor sig-
nal than both pure SnO2 and Fe2O3 [9, 13]. Azam et al. [14]
indicate formation of solid solution between nickel and tin
oxide through incorporation of nickel in the crystal struc-
ture of tin oxide upon addition of small composition of
nickel. In a newly published paper, a nanocomposites of
SnO2–Al2O3 contain various proportion of alumina were
prepared by sol–gel method. Indeed, a remarkable reduc-
tion in grain size is detected upon addition of alumina
which is accompanied by large increase in surface area of
composites [15]. However, there is a lack in the literature
on investigation the structural and textural features of
SnO2–TiO2 nanocomposites. Titanium oxide has evolved
as an important material in pigments [16], adhesions, cat-
alytic supports [17], solar cell and photocatalysts [18, 19].
It is interesting to mention that both tin and titanium
dioxide are n-type semiconductors showing several simi-
larities in crystal structural and electronic properties.
However, they differ in band energy gap value, thermal
stability and surface area. The formation of nano mixed
oxides may provide a new material which can possess
many desirable properties which is not exist in the pure
oxide as increase in thermal stability, surface area, limit the
degradation in the textural properties and improve the
photocatalytic activity of the samples. Recently, several
authors indicate that doping of titanium oxide with
appropriate composition of tin oxide improve the photo-
catalytic efficiency of titanium oxide by decrease the
recombination of positive hole and electron which is the
main drawback exist in the electronic structure of titania.
Sayilkan indicates that the photoelectric conversion effi-
ciency of the SnO2 cell modified by colloid TiO2 is higher
than that of the TiO2 cell without modification [20]. The
photocatalytic degradation of rhodamine dye which is
primary constituent of water pollution result from textile
industry is enhanced for titanium oxide embedded appro-
priate composition of tin oxide [21]. The photocatalytic
oxidation of phenol is studied by Liqiang et al. [22] using a
composite of TiO2/SnO2 prepared by sol–gel method and
the results revealed that a maximum catalytic activity is
detected for sample exhibit 3% SnO2 and calcined at
600 C. In a newly published paper, Tu et al. [23] indicate
that doping titanium oxide with appropriate composition of
tin oxide improve the photocatalytic activity of the sample
for degradation of methylene blue dye. Moreover, many
recent studies reveal that TiO2–SnO2 system has various
desirable electrical and optical applications compared with
either pure oxide [24, 25].
Several methods have been employed to synthesis
nanomaterials with definite particle size and structure such
as sol–gel [26, 27], co-precipitation [28], and chemical
vapor deposition [29]. The sol–gel method is the most
effective and simple method in designing oxide framework
with highly ordered structure. This method involves two
stages which are hydrolysis of metal precursors and poly-
condensation of sol particles, followed by formation of
metal hydroxide or oxides depending on the operating
conditions [30]. The critical point in synthesis SnO2–TiO2
nanocomposite is to achieve high degree of homogeneity
by controlling the hydrolysis and condensation rate during
the stage of synthesis. The existence of surfactants or
amphiphilic block copolymers during the progress of sol–
gel stages is one of the most efficient ways not only in
controlling the hydrolysis of metal salts and preventing the
particles agglomeration, but also in tailoring nanocom-
posites of definite shape. Octadecyl amine with long
hydrocarbon chain embedded in its structure is an effective
surfactant which involved to control the pore structure and
particle size of different composite materials [31, 32].
The motivation of this work is to synthesis TiO2–SnO2
nanocomposites by sol–gel method using octadecylamine
as controlling template surfactant in attempts to control the
particle shape and size. Moreover, the role of the existence
of different molar composition of titanium oxide on the
structure, particle size, crystalline phases, surface area and
morphology of the tin oxide will be investigated. More-
over, the optical properties of the samples in particular, the
absorbance spectra, band gap energy and refractive index
were studied.
2 Experimental
Nanocomposites containing various molar compositions of
tin and titanium oxides were synthesized by sol–gel
method using octadecylamine as a template agent. An
appropriate amount of SnCl45H2O (Prolabo, 99.9%) and
TiCl4 (Prolabo, 99.9%) dissolved in a mixture of ethanol
and water in ratio 1:1 were mixed together with constant
stirring for 2 h by certain proportion in order to obtain 0,
25, 50 and 75 mol% ratio of TiO2. Then, 1 g of octadec-
ylamine (Aldrich, 99%) was dissolved in appropriate vol-
ume of ethanol just at a level at which micelle is formed,
then added to the metal salt solution followed by contin-
uous stirring. Ammonia solution (1 M) was added drop by
drop to the above solution until a turbid sol is formed. The
sol mixture was left for 48 h for aging in the air until the
gel particles was formed. The gel particles were washing
several times with de-ionized water and ethanol until all
chloride ions are removed (by examining the filtrate solu-
tion using silver nitrate solution). The gel was then dried in
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an oven at 80 C for 24 h to remove moisture and physical
adsorbed species, then, the dried solids were ground in an
agate mortar until a fine and homogeneous powder mixture
was obtained. Finally, the solids were annealed in air at
600 C for 4 h, using a heating rate of 5 C/min.
2.1 Material characterization
Fine and homogeneous powders of the different samples
were back-loaded into the sample holder of a P Analytical
X’PERT MPD diffractometer using Cu (Ka1/Ka2) radia-
tion. The XRD patterns were recorded in a diffraction
angle range from 20 to 100 with a step of 0.03 and
integration time of 4 s per step. The diffraction patterns
have been treated with the Rietveld refinement method
using the MAUD program. The instrumental imperfections
were evaluated with a sample of LaB6 calibrated against a
sample of NIST SRM-640b and provided by the Gem
Dugout Company.
Fourier-transform infrared (FTIR) spectra were mea-
sured at room temperature on an ATT Mattson series FTIR
TM spectrometer using the KBr disk technique. The
measurements were conducted in an absorbance mode
within the frequency range of 4,000–400 cm-1, with a
resolution of 2 cm-1.
Adsorption–desorption isotherms of purified N2 at 77 K
were determined using a conventional volumetric appara-
tus connected to a vacuum system that allowed prior out-
gassing to a residual pressure of 10-5 Torr.
The evolution of the morphology of the nanocomposites
powders was examined by scanning microscopy (SEM)
FE-SEM JEOL 6340.
The evolution of the morphology and particle size of the
nano mixed oxide powders was examined by transmission
electron microscopy TEM using a JEOL 2000FX
microscope.
2.2 Radial distribution function (RDF) formulation
analysis
The total structure factor of material of a material is given
as;
SðkÞ ¼
IðkÞ  f 2  fh i2
h in o
fh i2 ; ð1Þ
where I(k) is being the scattered corrected X-ray intensity
of the atomic species constituting the given specimen, f, is
atomic scattering. k ¼ 4p sin hk is the magnitude of the
scattering vector. The term f 2
  fh i2
h i
is known as
Laue diffraction. This Laue term is of more significance as
small angle (2h) of scattering. The observed S(k) is related
to the deviation from the average number density q0 by a





r½qðrÞ  q0sinðkrÞdr ð2Þ






where q is the sample density in gm/cm3, N is the
Avogadro,s number, A is being the sample atomic weight.
RDF is given as;
4pr2qðrÞ ¼ rGðrÞ þ 4pr2q0 ð4Þ
where G(r) is the reduced RDF so;





k SðkÞ  1½ ea2k2 sinðkrÞdk
ð5Þ
4pr2q0 is of asymptotic form and a
2 is the disordering
parameter of value & 0.01 A02 mainly used to reduce the
effect of spurious details in the high K- range in the mea-
sured data.
3 Results and discussion
3.1 X-ray diffraction
Figure 1a–e displays the XRD patterns of SnO2–TiO2
nanocomposites. The diffraction pattern of the pure SnO2
show definite crystalline peaks at 2h = 26.6, 34.2, 37.6,
51.8, 54.8, 58.4, 61.9 and 65.2 owing to the casseterite
tetragonal (rutile type) structure of SnO2 (ICDD card No.
41-1445) of space group P42/mnm. However, the diffraction
pattern of pure titanium oxide illustrate several peaks reflect
the existence of titania rutile phase (see Fig. 1a). The dif-
fraction pattern of the composite samples show several
characteristics peaks for SnO2 shifted to higher 2h values in
addition to three small peaks at 2h = 39.1, 62.1 and 64.1
assigned to titania rutile phase. Table 1 gives the refined
structural parameters obtained from Rietveld analysis.
Applying the MAUD program [34], Rietveld analysis indi-
cates a reduction in the value of lattice parameters (a, c) of
tin oxide rutile phase in the composite samples, this is more
pronounced in Fig. 2 where one can notice a remarkable
reduction in the lattice parameters upon increasing in the
molar composition of titania. Figure 3 depicts the pattern
fitting resulting from Rietveld quantitative phase analysis
60 J Sol-Gel Sci Technol (2011) 60:58–65
123
for the sample containing equimolar ratio of tin and titanium
oxides in which all the crystalline phases are identified, the
pattern reflects the existence of rutile tin oxide as a major
phase in the sample, however, the rutile titanium oxide
present as a minor phase. These crystalline features imply
the formation of Ti1-xSnxO2 solid solution in which Ti
4?
ions are incorporated substitutionally in the SnO2 lattice
replacing the Sn?4 ions in the crystal lattice. With respect to
the structural properties and ionic size of both cations, SnO2
and TiO2 exhibit rutile crystalline structure of space group
P42/mnm and both cations possess nearly the same ionic
radius which can explaining the formation of Ti1-xSnxO2
solid solution [33–36]. The quantitative phase analysis
confirms that a large part of the Ti4? ions are incorporated in
the SnO2 lattice forming a Ti1-xSnxO2 solid solution, while
part of the remainder content of titanium oxide exists as a
separate rutile phase and the last part dispersed as amor-
phous phase between tin oxide crystallites.
On examining Fig. 1, one can notice a broading in the
peaks width which are associated with increasing in tita-
nium oxide content indicating a strong reduction in the
crystallite size of the composite samples. The particle size
estimated from Rietveld analysis lie in nano scale between
46 and 6 nm depending on the titania content. The
remarkable reduction in crystalline size of the samples
suggests the existence of amorphous titania on the grain
surface of tin oxide inhibits the crystal growth during the
progress of annealing.
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Fig. 1 X-ray diffraction of SnO2–TiO2 mixed oxides, a TiO2,
b SnO2, c SnO2-25%TiO2 d SnO2-50%TiO2 and e SnO2-75%TiO2
Table 1 The refined lattice parameters (a and c) (A˚), crystallite size
D nm, obtained from Rietveld analysis of the powder XRD patterns of
SnO2–xTiO2 (x = 0, 25, 50, 75 mol%) compounds
X mol% 0 25 50 75
d (nm) 41 18 9 5
a (A˚) 4.73789 4.6981 4.6787 4.6579
c (A˚) 3.18843 3.1423 3.1166 3.0823
SBET(m
2/g) 86.5 124 138 174
SBET is the specific surface area (m
2/g)






















Fig. 2 Variation of the lattice parameters, a, and, c, of tetragonal
SnO2 with the mole ratio x in the composite SnO2–x TiO2 (where
x = 0.0, 25, 50 and 75%)
Fig. 3 The XRD profile fitting resulting from Rietveld analysis of
SnO2–xTiO2 (x = 50 mol %) showing the two phases
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More emphasize has been paid on the sample possesses
equimolar ratio of the two oxides to explore the influence
of annealing temperature on the crystallite size. It is
interesting to notice a pronounced narrowing in the dif-
fraction peaks upon increasing in annealing temperature
(Fig. 4). This result implies that the crystallite size is more
sensitive toward the annealing temperatures. A remarkable
increase in the crystallite size is detected upon increasing
in the annealed temperature which owing to possibility of
particles agglomeration.
3.2 Surface characterization
The specific surface areas (ABET) of the samples estimated
by using the BET equation in its normal range of appli-
cability and adopting a value of 16.2 A˚ for the cross
–sectional area of N2 are given in Table 1. The results
reveal a pronounced increase in the surface area values
upon increase in titanium oxide content which confirm the
role of titania in preventing the small particles from
agglomeration and prevent formation of large particles.
This result is constituent with data obtained from X-ray
measurements in which large reduction in grain size is
detected for sample embedded high titania content.
3.3 FTIR measurements
Figure 5 displays the FTIR spectrum of the composites
system SnO2–xTiO2. The spectrum illustrates two broad
bands centered at 1,620 and 3,440 cm-1 which attributed
to the bending and the stretching vibrations of –OH groups
and physical adsorbed water, respectively [37]. It is should
be interesting to mention that the hydroxyl peaks become
more pronounced for samples embedded large content of
titanium oxide. The two bands near 550 and 620 cm-1
agree with the stretching vibrations of Sn–O and Ti–O
bonds [38].
Moreover, the spectrum show a small band centered at
2,300 cm-1 which assigned to stretched mode of vibration
of CO2.
Several authors attribute the band centered at 620 to Sn–
O bond, while a band at 550 cm-1 due to terminal Sn–O.
On examining Fig. 5, we notice that the band centered at
620 cm-1 become broader as the titania content increase.
However, the band centered at 550 cm-1 disappears
completely on increase titania content. This result implies
the formation of Ti–O–Sn bond as a result of homogeneous
mixture of the two oxides. It is interesting to notice that as
Ti content increases, the relative intensity of the peak at
621 cm-1 becomes stronger than that at 556 cm-1, even-
tually disappear, a phenomenon that may relate to the









a (at 100 oC)
b (at 600 oC)
c (at 900 oC)
Fig. 4 X-ray diffraction of SnO2-50% TiO2 annealed at different
temperatures a tempered at 100 C, b tempered at 600 C and
c tempered at 900 C












c (50 %TiO2 )
d (75 %TiO2 )
Fig. 5 FTIR of SnO2–TiO2 mixed oxides system, a SnO2, b SnO2-
25%TiO2, c SnO2-50%TiO2 and d SnO2-75%TiO2
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crystalline state of SnO2 nanoparticles. Zhang et al. [39]
have reported that the band formed at 550 cm-1 in a
mixture of tin and aluminum oxide is attributed to large
crystallites of tin oxide, while the band centered at
620 cm-1 is attributed to nanoparticles. By the same
manner, we conclude that disappearance of the band cen-
tered at 550 cm-1 reveals the role of titania on reducing the
particle size of tin oxide.
3.4 Transmission electron microscope
Figure 6 depicts the TEM images of pure and mixed tin
oxide samples. TEM studies provide further insight on the
nanostructure of the composite sample. It is clear from the
image that pure tin oxide particles is exist as large aggre-
gates in wormhole like structure. However, the composite
samples contain of large number of small spherical parti-
cles arranged in definite structure. The average particle size
estimated varies in range 32–8 nm depending on titania
content embedded in the composite samples. TEM image
reflects that the grain size of the composite powders
decrease upon increasing the titania content The results
obtained from SEM and TEM analysis are in constituent
with X-ray and BET analysis.
3.5 Calculation of optical energy gap and refractive
index
Mott and Davis [40] related data to the optical band gap,
Eopt, through the following general relation proposed for
materials;




where aðmÞ is the optical absorption coefficient, the index,
r, take different values depending on the mechanism of
inter band transition, B is a constant and, hm, is the photon
energy of incident photon. The Eq. 6, depicts a straight line
for r = 1/2 and is associated with direct allowed transitions









Fig. 6 TEM images of SnO2–TiO2 mixed oxides system, a TiO2, b SnO2-25% TiO2, c SnO2-50%TiO2 and d SnO2-75%TiO2
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versus (hm) for the prepared samples. The Eopt has been
estimated from the linear regions of the curves by extrap-
olating them to meet the, hm, axis at (ahm)2 = 0 and the The
value of the optical energy gap for prepared nanocom-
posites samples SnO2-25%TiO2, SnO2-50%TiO2 and
SnO2-75%TiO2 equal 3.2, 3.3 and 3.405 eV, respectively.
Optical absorptions for prepared samples arise through
electron transfers from the valence band to the conduction
band when increasing TiO2 wt%.
Optical electronegativity is one of the most important
parameters in understanding the nature of chemical bond-
ing. The correlation between energy gap Eg and optical
electronegativity, v, has been calculated by relation reads
as follows:
v ¼ 0:2688 Eg ð7Þ
The value of, v, of prepared nanocomposites samples
SnO2-25%TiO2, SnO2-50%TiO2 and SnO2-75%TiO2 equal
0.8602, 0.88704 and 0.9154, respectively.
The refractive index, n, is one of the fundamental
properties of materials because it is closely related to
average electronic oxide polarizability of ions and local
field inside the material. It is can be calculated from the
relation as follow [41]
v ¼ 9:8 en ð8Þ
the value of refractive index of for prepared nanocom-
posites samples SnO2-25%TiO2, SnO2-50%TiO2 and
SnO2-75%TiO2 equal 2.4338, 2.4023 and 2.0315, respec-
tively. Finally if the optical electronegativity is high the
materials are considered ionic in nature and if its magni-
tude is less the materials are considered to be covalent in
nature. It is noticed that for molecules whose optical
electronegativity value is less, their refractive index, n, and
electronic polarizability are high, this valid in the present
prepared SnO2–TiO2 mixed oxides.
4 Conclusions
Various molar compositions of SnO2–TiO2 nano compos-
ites were successfully prepared by sol–gel method using
octadecyl amine as controlling template surfactant. The
synthesized samples are in nanometric dimension which
confirm the role of octadecyl amine in fabricating nano-
composites by preventing the agglomeration of the oxide
particles. Titanium oxide particles are dispersed by several
ways in the composite structure, part is incorporated into
SnO2 lattice forming Ti1-xSnxO2solid solution and the
remainder part is either segregated forming a separate rutile
phase or deposited as amorphous phase on tin oxide grain
surface. Increase in titania content is accompanied by large
reduction in particle size and increase in the surface area of
sample which reflect the role of titania in preventing tin
oxide particle in growing in size. The energy gap (Eg) of
the composite samples can be tuned by controlling the
molar compositions of both tin and titanium oxides.
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